reduction in the number of red blood corpuscles (RBCs), the quantity of hemoglobin, and the volume of packed RBCs per 100 mL of blood.
The observation by Patt et al 4 that pretreatment of rats with cysteine protected them against radiation-induced mortality opened a new field of research in radiation biology. Subsequently, several chemical compounds were synthesized and tested for their radioprotective properties, and the sulphydryls were found to be good radioprotectors. However, the practical applicability of the majority of thiol compounds remained limited because of their high systemic toxicity at the optimum protective doses. 5 The high toxicity of thiol compounds necessitated a search for alternative compounds that were less toxic and highly effective at nontoxic doses. The traditional Indian system of medicine, Ayurveda, gives a detailed account of several diseases and their treatments. The majority of drugs and/or drug formulations used in Ayurveda are derived from herbs and plants. Scientific evidence is lacking regarding the use of many medicinal plants, and research evidence is needed to justify the use of these plants in the treatment of various disorders, including radiation damage to living beings. 6 Alstonia scholaris (L.) R. Br. (family: Apocynaceae) has long been used in the folklore and traditional systems of R adiation is a double-edged sword. In the clinic, radiotherapy is an important treatment modality and provides benefit to cancer patients, particularly when surgical interventions are not advisable. On the other hand, high doses of radiation result in severe side effects that often lead to discontinuation of treatment cycles. 1 Any drugs that can provide therapeutic differentiation between cancerous and normal tissue, and protect the latter, would be of great utility in the clinic. The development of radioprotectors is important in terms of improving the effectiveness of cancer treatment and also for strategic reasons (planned and unplanned radiation exposure).
After whole-body radiation exposure, manifestation of injury is clearly reflected in peripheral blood, 2 the quantitative effects being more significant than the qualitative changes. 3 The damaging effects of radiation on stem cells can cause bone marrow failure and leukemia, as was evident in the victims of Hiroshima and Nagasaki, Japan. Radiation damage also causes anemia, a condition characterized by a
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The radioprotective efficacy of a hydro-alcoholic extracted material from the bark of Alstonia scholaris (ASE) was studied in mice against radiation-induced hematological and biochemical alterations. Swiss albino mice were administered ASE (100 mg/kg body weight/d for 5 consecutive day) orally prior to whole-body gamma irradiation (7.5 Gy). Radiation exposure resulted in a significant decline (P < .001) in erythrocytes and hemoglobin until the third day, following a gradual recovery (ie, day 7), but these values did not reach normal values during the remainder of the animals' life span. Hematocrit percentage declined significantly (P < .001) until day 15. In contrast, ASE-pretreated irradiated animals had significantly higher erythrocyte, hematocrit, and hemoglobin values than the irradiated controls. Furthermore, a significant elevation in lipid peroxidation level over normal was recorded in gamma-irradiated mice, whereas this increase was considerably lower in ASEpretreated animals. Pretreatment with ASE caused a significant increase in glutathione levels in serum as well as in liver in comparison to irradiated animals. This study showed that ASE protects against radiation-induced hematological and biochemical alterations in Swiss albino mice. Keywords: Alstonia scholaris; gamma radiation; hematological constituents; radioprotection; lipid peroxidation; glutathione medicine in India to treat several diseases. The bark is the most extensively used part of the plant and is included in many compound herbal formulations. 7 It is a bitter tonic, alternative and febrifuge, and is reported to be useful in the treatment of malaria, diarrhea, and dysentery. [7] [8] [9] A.scholaris has been reported to inhibit liver injuries induced by carbon tetrachloride, β-D-galactosamine, acetaminophen, and ethanol. 10 The plant A.scholaris also has a wide array of pharmacological activities such as analgesic, anti-inflammatory, immunomodulatory, and antiulcer activities. 11, 12 The chief constituents of the bark of A.scholaris are the alkaloids alstonidine, alstonine, alstovenine, chlorogenic acid, chlorogenin, ditain, ditamine, echitamine, porphyrine, reserpine, venenatine, villalstonine, macrocarpamine, corialstonine, and corialstonidine and the triterpenoids lupeol linoleate, lupeol palmitate, and α-amyrin linoleate. [13] [14] [15] [16] The common usage, wide acceptability, and diverse pharmacological and antioxidative properties of A.scholaris aroused our interest in its radiomodulatory effect against gamma radiation exposure in Swiss albino mice.
Materials and Methods

Animals
Animal care and handling were performed according to the guidelines set by the World Health Organization (Geneva, Switzerland) and the Indian National Science Academy (New Delhi, India). Male Swiss albino mice (Mus musculus), 6 to 8 weeks old and weighing 20 to 24 g, from an inbred colony were used. These animals were maintained under controlled conditions of temperature and light (light/dark, 10/14 hours). They were provided standard mouse feed (procured from Ashirwad Industries, Chandigarh, India) and water ad libitum. Tetracycline water once a fortnight was given as a preventive measure against infections. The Departmental Animal Ethical Committee approved the study.
Irradiation
A cobalt teletherapy unit (ATC-C9) at the Cancer Treatment Center, Radiotherapy Department, SMS Medical College and Hospital, Jaipur, was used for irradiation. Unanesthetized animals were restrained in well-ventilated Perspex boxes and exposed to gamma radiation at the distance (SSD) Source to Surface Distance of 77.5 cm from the source to deliver the dose-rate of 1.32 Gy/min.
Plant Material and Extract Preparation
The bark of A.scholaris (Sapthaparna) was collected after proper identification in the herbarium of the Botany Department (voucher RUBL-19939). The plant bark was powdered in a mixture, and the extract was prepared by refluxing with DDW for 36 hours at 40°C. The liquid extract was cooled and concentrated by evaporating its liquid contents in vacuo and was then freeze dried. The extract was stored at low temperature until further use. The extract was redissolved in DDW prior to oral administration in mice.
Experimental Design
Determination of Optimum Dose of ASE Against Irradiation
The dose selection of the A.scholaris extract (ASE) was carried out on the basis of a drug tolerance study. Swiss albino mice were used to test the various doses of ASE (25, 50, 75, 100, 150, and 200 mg/kg body weight) for their effects on the tolerance to 8.0 Gy gamma radiation, and the survival rate (28%, 43%, 60%, 89%, 50%, and 45%, respectively) of the animals was observed. The most optimum and tolerable dose of ASE (100 mg/kg body weight) was selected and used for further detailed experimentation.
Modification of Radiation Response
A total of 70 animals used for the experiment were sorted into following 4 groups. Animals in group 1 were administered DDW, volume equal to ASE (100 mg/kg body weight/animal), by oral gavage to serve as normal controls. Mice in group 2 were administered A.scholaris extract orally once daily at a dose of 100 mg/kg body weight/animal for 5 consecutive days. In group 3, DDW volume equal to ASE was administered for 5 consecutive days (as in group 1). Half an hour after the last administration of DDW, animals were exposed to 7.5-Gy gamma rays. Group 4 mice were treated with ASE orally for 5 consecutive days (as in group 2) and were exposed to gamma radiation half an hour after the last administration of ASE on day 5. These animals were observed daily for any sign of sickness, morbidity, behavioral toxicity, and mortality. A minimum of 4 animals from each group were necropsied at 12 hours and 1, 3, 7, 15, and 30 days post treatment to evaluate hematological and biochemical alterations.
Hematological Study
Blood was collected from the orbital sinus of animals from each group in a vial containing 0.5 M EDTA. The total number of erythrocytes (RBCs) and percentages of hematocrit and hemoglobin were determined by adopting standard procedures.
Biochemical Determinants
Lipid peroxidation assay. The lipid peroxidation level in liver and serum was measured 24 hours after irradiation by the thiobarbituric acid reactive substance assay using the method of Ohkhawa et al. 17 Briefly, homogenate was mixed with sodium dodecyl sulfate, pH 3.5, 20% trichloroacetic acid (TCA). To this, aqueous thiobarbituric acid DDW was added and heated at 95°C for 60 minutes. The mixture was cooled and added to n-butanol and pyrimidine (15:1 wt/vol). The absorbance was read at 532 nm using a UV-VIS Systronic spectrophotometer. (Manufactured in Ahmedabad, India.) Glutathione assay. The hepatic level of glutathione was determined 24 hours after irradiation by the method of Moron et al. 18 Briefly, liver homogenate was added to 20% TCA and centrifuged, and the supernatant was collected. The supernatant was mixed with 0.3M Na 2 HPO 4 and 5-5, dithiobis-2-nitrobenzoic acid (DTNB) reagent and allowed to stand for 10 minutes at room temperature. The absorbance was read against blank at 412 nm using a UV-VIS Systronic spectrophotometer.
The glutathione content in the blood was measured spectrophotometrically using DTNB as a coloring reagent, according to the method of Beutler et al. 19 Briefly, 0.2 mL of blood was mixed in 1.8 mL of DDW, added to the precipitating solution, and centrifuged; then the supernatant was collected. This supernatant was mixed with 0.3 M disodium hydrogen sulfate and DTNB reagent and was allowed to stand for 2 minutes at room temperature. The absorbance was read at 412 nm.
Statistical Analysis
The results for all groups at various necropsy intervals were expressed as mean ± standard error. To find out whether the mean of samples drawn from group 4 deviated significantly from the respective controls (group 3), Student's t test was performed by the method of Bourke et al. 20 Significance was set at P < .05, P < .01, and P < .001.
Results
General
No toxic effects in terms of sickness were observed in the animals treated with DDW (group 1) and ASE alone (group 2). All animals exhibited signs of radiation sickness within 2 days after exposure to 7.5 Gy with DDW (group 3). These symptoms included anorexia, lethargy, diarrhea, slow gait, weight loss, and ruffled fur. The animals started dying by the seventh day, and 100% mortality was observed within 30 days post irradiation. Animals pretreated with ASE before irradiation (group 4) survived until 30 days after irradiation.
Biochemical Determinants
Lipid peroxidation assay. No significant differences in blood or liver lipid peroxidation levels were observed in ASE-only animals (group 2) compared with normal (group 1). A significant increase (P < .001) in blood and hepatic lipid peroxidation levels was noted in gammairradiated animals (group 3) compared with normal. However, this level was found to be lower in the ASE-pretreated irradiated animals (group 4) ( Figure 1 ).
Glutathione estimation. No significant differences in glutathione contents of liver and blood were observed between normal and ASE-treated animals. However, a statistically significant (P < .001) decrease in glutathione was noted in irradiated control animals (group 2) compared with group 1. ASE-pretreated irradiated animals (group 4) exhibited a significant elevation (P < .001) in glutathione (blood and liver) compared with group 3, but the values remained below normal ( Figure 2) Hematological studies. Animals treated with ASE alone (group 2) did not show any significant change in various hematological constituents (erythrocytes, hemoglobin, and hematocrit) in comparison to normal. Total erythrocyte count decreased maximally on the third day autopsy interval (5.98 ± 0.20 × 10 6 /mm 3 ) following 7.5 Gy gamma irradiation in group 3, but the number of such cells was elevated at the seventh day (6.24 ± 0.13 × 10 6 /mm 3 ). The RBC count showed a significant decrease (P < .001) compared with group 1 throughout the experiment. In group 4, a significant (P < .001, P < .01) increase in the number of such cells with respect to controls was noticed during the entire period of study, increasing to almost a normal value on the last autopsy interval (ie, day 30). (Figure 3) Hemoglobin concentration in irradiated mice (group 3) showed the maximum decrease on the third day (8.26 ± 0.18) followed by a gradual recovery on day 7 (8.81 ± 0.21). Animals irradiated with pretreatment of ASE (group 4) exhibited a higher hemoglobin concentration than group 3, and values were near normal by the end of the experiment (Figure 4) . Hematocrit percentage was found to be significantly (P < .001) lower in irradiated group 3 with a subsequent decline until day 15. A diminishing trend was recorded in hematocrit values until day 7 in the ASE-pretreated irradiated group. An elevated level was measured on day 15, but normal values were not achieved. The values at all autopsy intervals were higher than the controls, and significant protection (P < .001, P < .01) was observed at all autopsy intervals ( Figure 5 ),
Discussion
Acute and chronic effects of radiation on the human hematopoietic system have been observed in atomic bomb survivors, [21] [22] [23] in patients undergoing radiotherapy, 24 and in persons exposed to radiation during accidents. 24, 25 One of the major syndromes in the hematopoietic system after high-dose total-body exposure to ionizing radiation is bone marrow aplasia. The extract of A.scholaris has been reported to ameliorate radiation-induced damage in mice. 26 These reports demonstrate the feasibility of using the extract of this plant to reduce radiation injuries to the hematopoietic system.
The hematopoietic system is one of the most radiosensitive systems, and its damage may lead to the development of hematopoietic syndrome, resulting in death. Survival after irradiation results from the recovery of several target systems such as the bone marrow, gastrointestinal tract, skin, Variations (mean ± standard error) in hematocrit (%) in peripheral blood of mice after exposure to 7.5-Gy gamma rays with (experimental) or without (control) Alstonia scholaris extract (ASE). b P < .01. c P < .001.
and hemostatic system. 27 Death from the hematopoietic syndrome results from infection attributable to impairment of the immune system. 28 Various mechanisms are considered to be important for radioprotection, such as inhibition of free radical generation or its intensified scavenging, enhancement of DNA and membrane repair, replacement of dead hematopoietic and other cells, and stimulation of immune cell activities. 29 With the radiation dose used in the present study, hematopoietic as well as gastrointestinal damage may contribute to mortality of animals within 15 days of irradiation. Endogenous infection may also be responsible for the death of irradiated mice. Bacteremia may be a cause of mortality secondary to hematopoietic and gastrointestinal damage, because antibiotic treatment has been shown to increase survival of mice irradiated in the lethal dose range of LD 50 to LD 30 . 30, 31 In group 4, 89.2% survival of mice was observed within 30 days, which shows a significant protection offered by ASE.
In the present study, the reduction in both hemoglobin level and RBC count in the irradiated groups was attributed to the impairment of cell division, obliteration of blood-forming organs, injury to the alimentary tract, 32 depletion of factors needed for erythroblast differentiation and reticulocyte release from the bone marrow, 33 and the loss of cells from the circulation by hemorrhage or leakage through capillary walls and/or the direct destruction of mature circulating cells. 34 Maximum decline in erythrocytes and hemoglobin was observed on the third day following irradiation, which is in agreement with the findings of others. [35] [36] [37] Pretreatment with ASE increased the levels of erythrocytes, hemoglobin, and hematocrit. A decrease in all these blood constituents is responsible for anemia. ASE pretreatment may be responsible for significant protection of erythropoietic cells in bone marrow, which is subsequently responsible for an increase in erythrocytes, hemoglobin, and hematocrit in peripheral blood. Bone marrow cells have been reported to be protected against radiationinduced damage by other plant extracts as well. [38] [39] [40] The exact mechanism by which ASE protects against radiation-induced damage is not fully understood. The mechanism may be elevation of antioxidant status by ASE, because it inhibits the generation of free radicals in vitro . 41 To counteract the harmful effects of reactive oxygen species, the living organism is equipped with a protective network referred to as antioxidant defense, which includes antioxidative enzymes, nonenzymatic antioxidant molecules, and enzymes, reversing the cellular damage induced by oxidants. Glutathione is one of the major components of the cellular antioxidant system and is the principal nonprotein thiol functioning as an antioxidant as well as a cofactor for enzymes involved in detoxification of xenobiotics. 42 A significant decline in glutathione content was noticed in the irradiated animals compared with controls. This could be attributable to the enhanced use of glutathione as an attempt to detoxify the free radicals generated by radiation. The oral administration of ASE did not influence the endogenous glutathione content significantly but it protected glutathione from irradiation. These results suggest that endogenous nonprotein sulphydryl content (glutathione) was maintained by the extract in the A.scholaris + radiation group.
Viswanathan et al 43 reported decreased liver glutathione content and lower activities of glutathione peroxidase, superoxide dismutase, and catalase that reversed to near normal after echitamine chloride (an indole alkaloid, extracted from the bark of A.scholaris) treatment on methylcholanthrene-induced fibrosarcoma.
The basic effect of radiation on cellular membrane is believed to be the peroxidation of membrane lipids. Lipid peroxidation can be initiated by radiolytic products, including hydroxyl and hydroperoxyl radicals. 44 In the present study, we observed that although ASE treatment did not significantly alter the lipid peroxidation level in nonirradiated animals, it significantly lowered radiation-induced lipid peroxidation in terms of malondialdehyde. Inhibition of lipid peroxidation in biomembranes can be attributed to antioxidants present in this plant extract.
Conclusion
Our findings show more favorable postirradiation changes in the number of peripheral blood constituents in animals treated with ASE before irradiation in comparison with irradiated control mice, indicating that the radioprotective effect of ASE is apparently realized through its influence on the hematopoietic system. These data allow one to elucidate the mechanism by which ASE can provide whole-body defense against high doses of gamma irradiation; further study is ongoing in this laboratory concerning the protective role of ASE in various biological systems against irradiation.
